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INTRODUCTION 


When  lighting  is  planned  for  an  office,  the  designer  often  does  not 
know  how  the  furniture  will  be  arranged.  As  a  result,  the  designer 
will  usually  lay  out  a  uniform  lighting  arrangement  which  will  provide 
task  lighting  levels  to  all  parts  of  the  office.  While  this  insures  that 
proper  task  lighting  levels  will  be  provided  to  desks  and  other  work 
stations  regardless  of  location,  it  is  wasteful  from  an  energy  standpoint 
since  nonwork  areas  are  over-illuminated. 

Task-ambient  lighting  is  a  term  used  to  describe  energy- con¬ 
serving  nonuniform  lighting  systems.  It  refers  to  two  types  of  illumina¬ 
tion  levels  for  a  room:  (1)  task  illumination  and  (2)  ambient  illumina¬ 
tion.  Task  illumination  covers  the  requirement  for  light  on  important 
work  stations--desks,  drafting  tables,  etc.  Workers  spend  most  of 
their  productive  time  at  these  work  stations,  and  proper  illumination 
must  be  provided  Ambient  illumination  covers  the  requirement  for 
light  on  non  work  areas  and  on  work  areas  with  low  visual  requirements . 
For  example,  most  file  cabinets  and  bookcases  have  low  visual  require¬ 
ments  since  book  covers  and  file  headings  have  large,  high-contrast 
lettering  In  addition,  prolonged  work  is  not  accomplished  in  areas 
illuminated  by  ambient  light.  A  large  percentage  of  ambient  light  often 
comes  from  the  interreflection  and  "spill"  of  the  task  lighting. 


BACKGROUND 

Table  1  shows  the  growth  of  general  lighting  levels  (Ref  1).  This 
was  in  keeping  with  a  general  philosophy  of  "more  light,  better  sight." 
It  also  reflects  an  era  of  inexpensive  energy  and  of  ever-increasing 
improvements  in  the  efficiency  of  light  sources. 


Table  1.  Growth  of  Lighting  Levels 


Year 

Footcandles 

1900 

3 

1910 

5 

1920 

10 

1930 

20 

1940 

35 

1950 

50 

1958 

85 

1965 

100 

1971 

125 

The  1973  oil  embargo  signaled  t.he  end  of  cheap  energy.  In  1974 
the  Federal  Energy  Administration  (FEA)  published  guidelines  for 
"Lighting  and  Thermal  Operations"  (Ref  2).  This  document  recom¬ 
mended: 

50  footcandles  at  desks,  work  stations,  etc. 

30  footcandles  in  work  areas 

10  footcandles  in  hallways,  storerooms,  etc. 

Present  government  guidelines  and  regulations  stem  from  this 
document.  While  the  intent  of  the  document  was  to  save  energy  by 
reducing  light  levels,  it  also  recognized  that  lighting  affects  produc¬ 
tivity.  Exceptions  were  allowed  for  visually  difficult  work  (such  as 
drafting  and  bookkeeping),  industrial  tasks,  older  workers,  and 
workers  with  uncorrectable  eyesight  problems. 

New  illumination  levels  by  the  Illuminating  Engineering  Society 
(IES)  of  North  America  (to  be  published  in  the  6th  Edition  of  the  IES 
Handbook--December  1980)  generally  follow  the  same  approach  used  by 
FEA.  A  range  of  task  illumination  levels  is  recommended.  The 
designer  must  select  a  value  from  the  low,  middle,  or  high  end  depend¬ 
ing  on  worker  age,  speed  and  accuracy  required  for  the  task,  and  task 
background  reflectance.  For  offices,  this  range  is  50  to  100  foot¬ 
candles  . 


Does  50  footcandles  provide  adequate  lighting  for  individuals  who 
are  used  to  working  under  100  footcandles?  Perhaps  not.  That  is  why 
another  requirement  was  stated  by  the  FEA:  "Illumination  at  the  task 
should  be  reasonably  free  of  veiling  reflections  and  body  shadows." 
This  often  overlooked  statement  buried  in  the  text  of  the  FEA  document 
is  the  key  to  quality  lighting.  One  must  recognize  that  50  footcandles 
of  lighting  reasonably  free  of  veiling  reflections  and  body  shadows  will 
provide  the  same  visibility  as  most  commonly  used  uniform  overhead 
direct  lighting  systems  at  100  footcandles. 

OBJECTIVE 

Converting  uniform  office  lighting  systems  to  task-ambient  lighting 
requires  insight  into  the  visual  properties  of  office  tasks.  Once  this  is 
understood,  it  will  be  relatively  easy  to  provide  task  illumination  which 
is  reasonably  free  of  veiling  reflections  and  body  shadows.  A  simple 
method  is  presented  which  only  requires: 

1.  a  cosine-corrected  illumination  meter 

2.  a  mirror  about  one  foot  square 

VISUAL  PROPERTIES  OF  OFFICE  TASfcS 

Common  office  tasks  which  require  adequate  visibility  include 
reading  typewritten  material,  printed  material,  pen  on  paper,  and  pencil 
on  paper.  These  tasks  share  a  common  visual  property:  light  at  the 
mirror  angle  produces  substantial  veiling  reflections.  Figure  1  illus¬ 
trates  that  substantial  veiling  reflections  occur  when  the  angle  of  inci¬ 
dence  equals  the  viewing  angle.  This  condition  is  called  the  mirror 
angle  since,  if  a  mirror  is  substituted  for  the  task,  the  offending  zone 
will  be  seen  in  the  mirror. 
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Figure  1.  Veiling  reflections  are  produced  from  light  t 
the  mirror  angle. 
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Of  the  various  office  tasks,  the  most  studied  has  been  the  number 
2  pencil  on  white  paper  (Ref  3).  Of  the  most  common  office  tasks,  the 
pencil  task  has  the  most  difficult  visual  requirements.  Therefore, 
providing  adequate  lighting  for  the  pencil  task  will  satisfy  the  visual 
requirements  for  the  other  common  office  tasks. 


Veiling  Reflections 


In  order  to  demonstrate  the  relationship  between  veiling  reflections 
and  the  position  of  a  light  source,  consider  the  two  situations  presented 
in  Figure  2. 

In  both  situations  the  worker  is  reading  the  pencil  task.  How¬ 
ever,  in  Figure  2A,  the  light  source  is  located  in  front  of  the  task  in 
the  offending  zone.  In  Figure  2B  the  light  source  is  located  out  of  the 
offending  zone,  to  the  side  of  the  task. 
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An  illumination  meter  is  placed  on  top  of  the  task,  as  shown  in 
Figure  3.  The  same  footcandle  level  is  provided  for  both  cases. 
However,  equivalent  illumination  levels  do  not  mean  that  both  lighting 
situations  are  equally  good.  By  substituting  a  camera  in  place  of  the 
worker  in  Figure  2,  the  task  is  photographed  under  the  same  conditions 
(Figure  4).  Clearly,  it  is  much  more  difficult  to  read  the  pencil 
writing  with  illumination  from  the  offending  zone  (Figure  4A)  than  with 
illumination  from  outside  the  offending  zone  (Figure  4B). 

If  a  portion  of  Figure  4  is  enlarged,  as  shown  in  Figure  5,  a 
better  understanding  of  the  phenomenon  can  be  gained.  The  contrast 
between  the  writing  and  the  paper  is  reduced  because  of  specular 
reflections  from  the  pencil  graphite.  In  some  instances  reverse  contrast 
can  occur.  Notice,  in  Figure  5A,  that  although  most  of  the  writing  is 
slightly  darker  than  the  paper,  parts  of  each  letter  are  actually 
brighter  than  the  paper.  Consequently,  light  from  the  offending  zone 
is  causing  a  condition  of  minimum  contrast,  since  the  brightness  of  the 
pencil  writing  is  nearly  the  same  as  the  brightness  of  the  paper.  On 
the  other  hand,  with  the  light  well  away  from  the  mirror  angle,  such  as 
to  the  side  of  the  task,  good  contrast  is  achieved  (Figure  5B). 

Although  specular  reflections  are  bad  for  office  tasks,  this  does 
not  necessarily  mean  that  they  are  undesirable  for  other  tasks.  Refer¬ 
ring  to  Figure  3,  note  that  the  photocell  on  the  illumination  meter  can 
actually  be  seen  more  easily  with  light  from  the  front  (Figure  3A)  than 
from  the  side  (Figure  3B).  For  some  tasks,  such  as  looking  for 
scratches  in  paint,  placing  the  light  source  at  the  mirror  angle  is  the 
ideal  location.  This  shows  why  an  understanding  of  the  visual  proper¬ 
ties  of  the  task  is  important  when  designing  a  lighting  system.  Again, 
referring  to  Figure  3,  notice  the  effect  of  light  position  on  the  printed 
instructions  on  the  light  meter. 

Mirror  Angle 

Lighting  fixtures  in  the  offending  zone  are  at  the  mirror  angle 
with  respect  to  the  task  and  the  worker.  Suppose  for  the  situations 
shown  in  Figure  2,  a  mirror  is  substituted  for  the  task  (Figure  6). 
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The  view  seen  by  the  worker,  analogous  to  Figure  4,  is  demon¬ 
strated  in  Figure  7.  The  light  source  in  the  offending  zone  can  be 
plainly  seen  in  Figure  7A;  whereas,  in  Figure  7B,  no  light  source  can 
be  seen  since  it  is  located  to  the  side  and  out  of  the  offending  zone. 


Body  Shadow 

Another  situation  is  shown  in 
Figure  8.  If  the  light  source  is 
behind  the  worker,  the  body  blocks 
the  light  and  a  shadow  is  placed 
over  the  task.  Obviously,  light 
obstructed  by  the  body  shadow  is 
useless  in  viewing  the  task. 


VISIBILITY 

There  are  numerous  locations 
away  from  both  the  offending  zone 
and  the  body  shadow  where  lighting 
fixtures  could  be  located.  Where 
are  the  best  locations  for  maximum  visibility?  This  can  be  answered 
only  by  (1)  addressing  those  factors  which  contribute  to  visibility,  (2) 
explaining  the  use  of  equivalent  sphere  illumination  as  a  measure  of 
visibility,  and  (3)  graphing  contours  of  illumination  and  equivalent 
sphere  illumination  for  comparison. 


Fijjure  8.  Body  shadow  blocks  light 
to  the  task. 


Illumination 


Illumination  is  the  amount  of  light  (lumens)  shining  onto  a  unit 
area  of  surface.  In  the  English  system  it  is  expressed  in  footcandles 
(lumens  per  square  foot)  and  in  the  metric  system  it  is  expressed  in 
lux  (lumens  per  square  meter).  One  footcandle  is  equal  to  10.76  lux. 
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The  basic  equation  for  direct  illumination  from  a  light  source  to  a 
point  on  a  horizontal  surface  is 


h 

cos  8 

Eh  ■ 

D2 

where 

= 

the  horizontal  illumination  at  the  point 

X8 

s 

the  candlepower  of  the  source  in  candelas  towards  the 
point 

6 

= 

the  angle  of  the  ray  from  the  source  to  the  point 
:ith  respect  to  a  vertical  ray 

D 

= 

the  distance  from  the  source  to  the  point 

These  relationships  are  depicted  in  Figure  9. 


Luminance 


When  an  object  is  viewed,  a  person  perceives  the  object  because  of 
light  reflected  off  of  its  surface.  This  reflected  light  is  called  lumi¬ 
nance.  It  is  expressed  mathematically  as 

L  =  E  x  p  (2) 

where  L  =  the  luminance  (footlamberts)* 

*In  the  metric  system  L  =  (E  x  p)/n,  where  E  is  in  lux  and  L  is  in 
nits.  One  footlambert  is  equal  to  3.42  nits. 
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E  =  the  illumination  (footcandles)  shining  onto  the  surface 
p  =  the  reflectance  of  the  surface 

In  making  calculations,  two  types  of  reflectance  can  be  used: 
(1)  lambertian  or  (2)  bidirectional.  Lambertian  reflectance  is  the 
reflectance  from  a  totally  diffuse  surface.  The  reflected  light  is  inde¬ 
pendent  of  the  direction  of  incident  light  except  as  the  direction  affects 
the  incident  illumination.  As  has  already  been  demonstrated  from 
Figures  4  and  5,  the  luminances  from  the  pencil  task  do  change  as  the 
incident  light  is  moved.  Therefore,  use  of  lambertian  reflectance  will 
not  be  suitable  for  making  visibility  calculations. 

Bidirectional  reflectance  is  a  function  of  the  direction  of  incident 
light  and  the  direction  the  eye  views  the  surface.  The  Greek  letter  p 
is  used  to  denote  bidirectional  reflectance.  Direction  is  specified  by 
using  a  declination  angle  and  an  azimuth  angle.  Thus, 

P  =  function  (8.,  <j).,  8v>  <t>  J  (3) 

where  =  incident  declination  angle 

<Jk  =  iucident  azimuth  angle 
0v  =  viewing  declination  angle 
(j>v  =  viewing  azimuth  angle 

The  basic  relationships  are  shown  in  Figure  10. 
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Two  luminances  are  important  in  order  to  see  the  pencil  task:  the 
luminance  from  the  paper  and  the  luminance  from  the  pencil  writing. 
The  luminance  from  the  paper  is  called  the  background  luminance  (L^) 
and  the  luminance  from  the  pencil  graphite  is  called  the  target  lumi¬ 
nance  (Lt).  If  the  pencil  task  is  lying  on  a  desk  or  other  horizontal 
surface: 


h  =  »bxEh  (4A) 

Lt  =  fit*Eh  <«) 

where  =  bidirectional  reflectance  of  background  (paper) 

=  bidirectional  reflectance  of  target  (pencil) 

=  horizontal  illumination 

Contrast 

The  pencil  writing  can  be  distinguished  from  the  paper  only  if  the 
target  luminance  is  different  than  the  background  luminance.  This  is 
the  basic  concept  for  contrast.  Contrast,  C,  is  defined: 


C  = 


Lb-  Lt 


(5) 


Relative  Contrast  Sensitivity 


A  fire  in  a  fireplace  may  be  romantic,  but  a  person  would  probably 
prefer  to  read  a  book  using  the  light  from  an  electric  fixture  rather 
.han  from  the  fireplace.  This  is  because  the  sensitivity  of  "the  eye  to 
contrast  increases  as  the  luminance  reaching  the  eye  increases. 

Data  from  a  number  of  psychophysical  experiments  were  used  to 
empirically  establish  the  eye's  sensitivity  to  threshold  contrast.  This 
function  is  called  the  Relative  Contrast  Sensitivity  (RCS)  function 
(Ref  4).  Since  most  of  the  luminance  that  reaches  the  eye  comes  from 
the  paper  rather  than  the  pencil  writing,  RCS  is  a  function  of  L^. 
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In  Table  1,  the  growth  of  interior  lighting  levels  was  shown  from 
the  beginning  of  the  century.  If  paper  has  a  reflectance  of  80%,  it  is 
possible  to  correlate  the  growth  of  relative  contrast  sensitivity  to  the 
footcandle  levels  in  Table  1.  This  is  given  in  Table  2. 


Table  2.  Growth  of  Relative  Contrast  Sensitivity 


Year 

Footcandles 

Footlamberts 

RCS 

1900 

3 

2.4 

33.7 

1910 

5 

4 

40.5 

1920 

10 

8 

48.7 

1930 

20 

16 

56.2 

1940 

35 

28 

61.8 

1950 

50 

40 

65.2 

1958 

85 

68 

69.9 

1965 

100 

80 

71.5 

1971 

125 

100 

73.5 

Notice  that  during  the  first  half  of  the  century,  RCS  increased 
fairly  rapidly.  With  50  footcandles  of  illumination,  the  RCS  is  about 
double  of  what  it  was  at  3  footcandles.  If  illumination  is  increased  to 
100  footcandles,  twice  as  much  energy  will  be  used  compared  to  50  foot- 
candles,  but  RCS  increases  only  10%.  This  is  a  situation  of  "more 
light,  slightly  better  sight." 

Relative  Visibility 

Relative  visibility  (RV)  is  the  product  of  contrast  and  the  eye's 
sensitivity  to  contrast,  or: 

RV  =  C  x  RCS  (6) 


Or,  by  substituting  Equation  5  into  Equation  6: 


RV  ~ 


x  RCS 


Relative  visibility  may  be  increased  either  by  increasing  the 
amount  of  light  or  by  changing  the  geometry  of  the  light  sources  with 
respect  to  the  task.  Increasing  the  amount  of  light  reaching  the  task 
(without  changing  geometry)  increases  and  Lt  equally.  Thus,  it  has 
no  effect  on  contrast,  and  the  gain  in  RV  will  come  from  the  increase 
in  RCS.  However,  as  already  demonstrated  by  Table  2  for  illumination 
levels  over  50  footcandles,  the  change  in  RCS  is  small  compared  to  the 
increase  in  energy  expended.  Because  of  the  bidirectional  reflectances 
of  the  pencil  and  paper,  it  is  possible  to  change  the  difference  between 
and  Lt  (contrast)  by  changing  the  geometry  of  the  light  sources. 
Attempting  to  maximize  contrast  is  the  most  energy  efficient  way  to 
increase  visibility.  The  easiest  way  to  increase  contrast  is  to  eliminate 
light  from  the  offending  zone.  Most  people  working  in  spaces  with 
uniform  overhead  lighting  receive  some  light  from  the  offending  zone. 
Eliminating  the  offending  light  increases  contrast,  and  in  turn  increases 
relative  visibility.  The  increase  usually  is  more  than  10%.  This  is  the 
reason  for  the  statement  made  earlier:  50  footcandles  of  lighting  rea¬ 
sonably  free  of  veiling  reflections  and  body  shadows  will  provide  the 
same  (and  often  more)  visibility  than  most  .ommonly  used  uniform 
overhead  direct  lighting  systems  at  100  footcandles. 

Equivalent  Sphere  Illumination 


If  someone  says  that  New  York  City  is  three  times  farther  from 
Los  Angeles  than  Denver  is,  a  person  has  some  relative  measure  of  the 
distances  involved.  But  such  information  may  not  be  of  much  help  if 
one  is  planning  a  trip  and  has  to  allow  for  driving  time,  overnight 
stops,  etc.  What  is  needed  is  a  measure  of  reference,  such  as  ,!New 
York  City  is  3,000  miles  from  Los  Angeles."  Likewise,  the  Illuminating 
Engineering  Society  has  adopted  Equivalent  Sphere  Illumination  (ESI)  as 
a  reference  measure  of  visibility.  A  useful  definition  of  ESI  for  a 
specific  task  is  "the  illumination  level  (footcandles  or  lux)  produced 
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inside  a  photometric  sphere  required  to  give  the  task  the  same  relative 
visibility  it  has  from  the  actual  lighting  system  in  a  room.”  A  photo¬ 
metric  sphere  is  a  large  hollow  sphere  painted  inside  with  a  special  high 
reflectance  diffuse  white  paint.  It  is  lighted  in  such  a  way  as  to 
produce  a  uniform  diffuse  light.  Light  shines  equally  from  every 
direction,  including  the  offending  zone.  It  is  therefore  not  the  best 
possible  lighting,  but  simply  a  reference  lighting  system  with  a  fixed 
geometry  and  an  adjustable  light  level.  The  equivalent  illumination 
inside  the  sphere  (ESI)  may  be  higher  or  lower  than  the  actual  illumina¬ 
tion  under  the  real  lighting  system.  Mathematically,  ESI  is  obtained  by 
equating  the  relative  visibility  in  the  real  environment  (RV)  with  the 
relative  visibility  in  the  sphere  (RV  ).  Using  Equation  6: 

b 

C  x  RCS  =  C  x  RCS  (8) 

s  s 

where  C  =  the  contrast  of  the  task  in  the  real  environment 

RCS  =  the  relative  contrast  sensitivity  in  the  real 
environment 

Cg  =  the  contrast  of  the  task  in  the  sphere 
RCSs  =  the  relative  contrast  sensitivity  in  the  sphere 

Since  the  geometry  of  the  light  in  the  sphere  is  fixed,  the  sphere 

contrast,  C  ,  is  a  constant.  The  illumination  inside  the  sphere  has  no 
s 

effect  on  C  .  Therefore,  solving  Equation  8  for  RCS  : 

s  s 

RCS  =  x  RCS  (9) 

s  C 

s 

or 

RCS  =  CRF  x  RCS  (10) 

s 

where  CRF  ^  C/Cg  =  contrast  rendition  factor. 

The  contrast  rendition  factor  (CRF)  is  simply  the  ratio  of  contrast 
in  the  real  environment  to  the  sphere  contrast.  Once  RCSg  is  calcu¬ 
lated,  the  equivalent  background  luminance  inside  the  sphere,  L  ,  can 

b 
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be  determined  from  the  standard  RCS  function.  Like  sphere  contrast, 
the  reflectance  of  the  task  background  in  the  sphere,  p  ,  is  also  a 

b 

constant.  The  ESI  is  calculated  by 

L 

ESI  =  --  (11) 

ps 


A  flow  diagram  for  the  mathematical  procedure  described  is  shown 
in  Figure  11. 


Figure  1 1.  Flow  diagram  for  the 
calculation  of  GS1. 


At  present  ESI  can  be  measured  using  only  laboratory  equipment. 
Prototype  ESI  measurement  systems  suitable  for  field  use  have  been 
developed  by  several  firms,  but  these  are  not  yet  commercially  available 
and  will  probably  be  relatively  expensive. 

Contours 


Figure  12  shows  a  plan  view  of  a  desk,  task  location  on  the  desk, 
and  a  2  x  2-foot  ceiling  grid  system  at  a  6.b-foot  mounting  height 
above  the  desk  top. 
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Figure  12.  Plan  view  of  work  station. 


Suppose  a  small  light  is  placed  directly  over  the  task  location  and 
provides  100  footcandles  for  this  location.  From  Equation  1,  the  light 
would  require  a  candlepower  of 

I  =  h  .  =  -°°  x  jr'  =  4,225  candelas 

cos  0  cos  0° 

The  contours  shown  in  this  report  will  be  based  on  a  constant 
4,225-candela  candlepower  from  a  single  light  source  to  the  task  loca¬ 
tion.  The  source  is  restricted  to  ceiling  locations.  For  a  real  lighting 
fixture,  the  candlepower  to  the  task  will  vary  with  ceiling  location. 
The  contours  cannot  be  scaled  to  calculate  ESI  for  real  fixtures  since 
the  effect  of  the  RCS  function  produces  nonlinearities  in  the  calcula¬ 
tions.  There  are  computer  programs  which  can  calculate  and  generate 
contour  plots  for  real  lighting  situations.  Nevertheless,  the  contours 


are  instructive  for  showing  the  differences  between  illumination  and 
equivalent  sphere  illumination,  and  for  verifying  some  of  the  concepts 
discussed. 

First,  if  a  contour  plot  of  illumination  is  made  for  the  reference 
4, 225-can dlepower  source,  it  would  look  like  Figure  13. 


viewing 

direction  Scale:  1/4  in.  *  1  ft-0  in. 


Next,  a  contour  plot  is  made  of  ESI  for  the  pencil  task  (number  2 
pencil  on  white  paper;  viewing  declination  and  a2imuth  angles  statis¬ 
tically  weighted,  task  restricted  to  lying  flat  on  desk  surface)  as  shown 
in  Figure  14.  The  effect  of  the  offending  zone  and  body  shadow  are 
clearly  seen. 

By  comparing  Figures  13  and  14,  several  things  can  be  learned. 
Placing  a  light  directly  over  the  task  may  intuitively  seem  like  the  best 
location  for  task  lighting.  Indeed,  from  Figure  13,  the  4, 225- 
can  dlepower  light  produces  the  maximum  illumination  (100  footcandles) 
directly  over  the  task.  But  the  visibility  for  the  pencil  task  is  no 
better  than  that  produced  by  27  footcandles  of  illumination  inside  a 
sphere  (ESI).  On  the  other  hand,  maximum  ESI  occurs  at  two  points 
which  are  about  5  feet  away  from  the  maximum  illumination  location, 
each  point  to  one  side  and  slightly  behind  the  task.  The  illumination  is 
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Figure  14,  ESI  contours. 


50  footcandles,  but  the  ESI  is  70  footcandles,  nearly  a  three-fold  ESI 
increase.  In  a  real  lighting  situation,  practical  tradeoffs  can  usually  be 
made  to  achieve  reasonably  high  value?  of  both  illumination  and  ESI. 

The  best  location  is  to  place  fixtures  to  the  sides  of  the  task,  and 
slightly  behind  the  task  if  possible.  Almost  any  location  to  the  side,  if 
not  too  far  away,  can  be  effective.  Ceiling  fixtures  with  "batwing" 
candlepower  distributions  can  be  usefully  applied  since  illumination  to 
the  side  is  increased.  Sidelighting  from  windows  is  also  an  advanta¬ 
geous  way  to  achieve  good  ESI. 

Another  possible  location  is  to  place  the  light  source  above  the 
worker  (not  above  the  task).  This  location  should  be  used  with  care 
because  of  the  high  gradients  of  ESI.  Slight  changes  in  geometry  can 
drastically  alter  the  ESI  provided. 

The  rule  of  thumb  learned  here:  light  should  come  to  the  task 
over  the  worker's  shoulders. 
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ADJUSTMENT  OF  LIGHT  LEVELS 


Converting  uniform  lighting  systems  to  task-ambient  lighting 
systems  requires  adjustment  of  light  levels.  Two  of  the  easiest  and 
least  expensive  ways  are  to  use  (1)  integral  lighting  switches  and  (2) 
light- reducing  lamps. 

An  integral  lighting  switch  is  simply  a  switch  that  is  installed 
inside  an  individual  fluorescent  lighting  fixture.  A  typical  integral 
switch  is  shown  in  Figure  15.  A  wall  switch  operates  all  the  lights  on 
the  circuit,  whereas  the  integral  lighting  switch  controls  only  the 
fixture  in  which  it  is  installed.  Fixtures  can  have  a  multiple  position 
integral  lighting  switch.  For  instance,  if  a  three-lamp  fluorescent 
fixture  is  equipped  with  a  multiple  position  integral  switch,  it  can 
provide  four  levels  of  light  output:  completely  off,  one  lamp  on,  two 
lamps  on,  or  all  three  lamps  on.  Although  these  light  levels  could  also 
be  achieved  by  removing  lamps  from  the  fixture,  integral  lighting 
switches  have  the  advantages  of  being  convenient  and  eliminating  the 
transporting  and  storage  of  lamps.  But  their  most  important  function  is 
to  turn  off  the  energy-consuming  ballast.  Restrictions  on  the  applica¬ 
tion  and  installation  of  integral  lighting  switches  are  found  in  the 
National  Electrical  Code  and  other  codes  and  standards.  Consult  appli¬ 
cable  codes  and  standards  prior  to  installation  of  integral  lighting 
switches  (Ref  5). 


Figure  IS.  Typical  integral  lighting  switch. 
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A  variety  of  commercially  available,  light-reducing  lamps  are  avail¬ 
able  for  retrofit  into  fluorescent  fixtures.  Reductions  in  light  output 
from  10  to  66  percent  are  possible.  The  drop  in  power  consumption  is 
approximately  equal  to  the  drop  in  light  output.  ^ 

When  adjusting  light  levels,  attention  should  also  be  paid  to  the 
condition  of  the  fixtures  and  tne  age  of  the  lamps.  Dirty  fixtures  and 
old  lamps  may  produce  as  little  as  50%  of  the  light  output  of  clean 
fixtures  and  new  lamps.  Dirty  fixtures  should  ISJb  cleaned,  and  periodic 
inspections  should  be  made.  Old  fluorescent  lamps  will  usually  have 
very  dark  ends  and  should  be  replaced.  Moderately  dark  bands  near 
the  ends  of  fluorescent  lamps  are  normal  and  should  not  be  -confused 
with  the  very  dark  ends  indicating  end  of  life.  Implementation  of  a 
group  lamp  replacement  and  periodic  fixture  cleaning  program  should  be 
considered. 


MIRROR  METHOD 

Based  on  the  principles  presented  here,  a  straightforward,  step- 
by-step  method  for  converting  uniform  office  lighting  systems  to  task- 
ambient  office  lighting  systems  can  be  used.  This  is  the  mirror 
method,  so  designated  since  it  uses  a  mirror  to  locate  light  fixtures  in 
the  offending  zone  and  in  the  body  shadow.  In  .-Edition,  an  illumina¬ 
tion  meter  is  required. 

Step  1.  Determine  the  illumination  and  tolerance  criteria.  Common¬ 
ly  used  criteria  originally  developed  by  GSA^are  given  in  Table  3. 

Workers  performing  visually  difficult  tasks  (bookkeeping,  drafting, 
etc.),  older  workers  (over  50),  and  workers  with  uncorrectable  eye¬ 
sight  problems  may  require  additional  light  on  work  stations  (75  to  100 
footcandles) .  In  addition,  consideration  must  be  given  to  the  mainte¬ 
nance  of  lighting  systems  when  adjusting  light  levels;  dirty  fixtures 
and  old  lamps  may  substantially  reduce  light  output. 


Table  3.  GSA  Illumination  Criteria 


Task  or  Area 

Footcandle 

Level 

How  Measured 

Hallways  or  corridors 

10  ±  5 

Measured  average, 
minimum  1  footcandle 

Work  and  circulation  areas 
surrounding  work  stations 
(ambient  illumination) 

30  ±  5 

Measured  average 

Work  station,  normal  office 

50  ±  10 

Measured  at  work  station; 

work  (task  illumination) 

reasonably  free  of  veiling 
reflections 

Step  2.  Establish  a  management  organization  of  building  energy 
monitors.  Many  Navy  activities  have  already  established  such  organ¬ 
izations.  This  should  be  a  grassroots  organization,  to  the  extent  that 
every  government  employee  should  know  who  his  or  her  energy  monitor 
is.  Larger  buildings  may  require  more  than  one  energy  monitor. 

Task-ambient  lighting  is  customized  to  the  needs  of  building  occu¬ 
pants.  Since  organizations  are  constantly  moving  workers  and  desks, 
gaining  and  losing  personnel,  etc.,  lighting  arrangements  must  also 
change  accordingly.  This  is  why  use  of  integral  lighting  switches  is  so 
convenient.  Local  building  energy  monitors  are  intimately  involved 
when  these  changes  affect  their  co-workers.  They  can  insure  conserva¬ 
tion  of  energy  without  sacrificing  productivity.  They  can  provide  a 
network  to  take  care  of  complaints,  to  watch  for  conservation  oppor¬ 
tunities,  and  to  promote  energy  conservation.  Without  a  network  of 
building  energy  monitors,  continued  energy  conservation  becomes  un¬ 
manageable  . 

Step  3.  Reduce  illumination  in  circulation  areas  surrounding  work 
stations  to  ambient  levels.  Use  an  illumination  meter  to  take  measui’e- 
ments. 
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Step  4.  Sit  at  each  work  station  in  a  normal  working  position. 
Look  into  a  mirror  placed  on  the  work  station  and  see  if  any  light 
fixtures  are  in  the  offending  zone  (Figure  16).  Turn  off  all  fixtures  in 
the  offending  zone. 

Step  5.  Sit  at  each  work  station  in  a  normal  working  position. 
Place  a  mirror  on  the  work  station  and  tip  it  up  so  that  you  see  your¬ 
self  in  it  (Figure  17).  Turn  off  all  fixtures  that  are  significantly 
blocked  by  the  body  shadow  provided  the  fixtures  are  not  needed  for 
lighting  at  other  work  stations  or  for  ambient  lighting. 


Step  6.  With  the  light  meter,  measure  the  illumination  at  each 
work  station.  If  the  illumination  is  higher  than  the  task  illumination 
criteria,  reduce  the  illumination.  If  the  illumination  is  lower  than  the 
vask  illumination  criteria,  provide  supplemental  portable  lighting  or 
rearrange  the  work  stations. 
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Step  7.  Stand  in  the  doorway  to  the  office  and  scan  the  room.  If 
some  parts  of  the  room  seem  overly  dark,  or  the  lighting  seems  too 
spotty,  adjust  the  ambient  lighting. 

EXAMPLES 
Large  Office 

Figure  18  shows  a  typical  large  office  with  a  uniform  lighting 
system  that  has  been  converted  to  task-ambient  lighting  using  integral 
lighting  switches.  Approximately  half  of  the  fixtures  in  the  room  have 
been  turned  off  (Figure  18B),  yet  if  one  exrmines  the  room  below  the 
fixtures,  very  little  difference  can  be  seen.  Lights  in  this  room  are 
primarily  turned  off  over  circulation  areas,  in  the  offending  zones,  and 
near  windows. 

Sometimes  fixtures  in  the  offending  zone  cannot  be  turned  off 
since  another  occupant  needs  the  light  from  the  fixture.  Two  possible 
solutions  to  this  problem  are  (1)  turn  off  the  light  anyway  and  provide 
supplemental  task  lighting  to  occupants  who  need  additional  light  or  (2) 
block  the  light  in  the  offending  zone  with  an  obstruction,  such  as  a 
partition . 

Supplemental  Task  Lighting 

When  overhead  lighting  provides  insufficient  task  illumination,  one 
way  to  increase  the  illumination  level  is  through  use  of  supplemental 
lighting.  The  most  common  supplemental  task  light  is  the  desk  lamp 
(Figure  19).  Unfortunately,  most  people  place  the  desk  lamp  in  pre¬ 
cisely  the  wrong  location  on  the  desk--directly  in  the  offending  zone! 
The  zone  of  veiling  reflection  can  be  clearly  seen  (compare  Figure  19  to 
Figure  1),  with  the  task  placed  directly  into  it. 


24 


figure  18  Large  office  with  (A)  uniform  lighting  and  t B )  task-ambient  lighting. 
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Placing  one  or  two  desk  lamps  to  the  side  of  the  task  gets  the 
task  out  of  the  zone  of  veiling  reflections  (Figure  20).  This  results  in 
better  desk  lighting,  but  the  close  proximity  of  the  lights  to  the  desk 
creates  high  luminance  gradients.  Luminance  ratios  no  greater  than  1 
to  5  are  recommended  as  a  worst  case  (Ref  6).  With  the  one  desk  lamp 
shown  in  Figure  19,  the  luminance  ratio  is  1  to  100.  With  the  two  desk 
lamps  shown  in  Figure  20,  the  luminance  ratio  is  reduced  to  1  to  15,  but 
this  is  still  three  times  the  recommended  practice. 

Better  types  of  supplemental  lighting  get  the  source  farther  away 
from  the  desk,  which  creates  more  uniform  luminance  gradients  across 
the  work  station.  Of  course,  being  farther  away,  they  require  more 
energy  to  provide  the  same  amount  of  illumination.  Often  these  fixtures 
use  high-intensity-discharge  (HID)  lamps,  and  provide  both  downlight 
for  task  lighting  and  uplight  for  ambient  lighting  (Figure  21). 

A  really  energy-effective  and 
visual-effective  desk  lamp  has  not 
yet  been  marketed  (Ref  7).  Manu¬ 
facturers  are  working  on  better 
supplemental  lighting.  For  now,  be 
cautious  when  providing  supplemen¬ 
tal  task  lighting. 

Small  Office 


Figure  22  shows  a  small  office 
with  an  older  worker  who  was 
having  visual  difficulties  with  her 
work.  An  examination  of  the  room 
showed  that  most  of  the  light  to  the 
desk  was  coming  from  the  offending 
zone,  or  was  blocked  by  the  body 
shadow . 

Fixtures  in  the  offending  zone  were  turned  off,  as  was  one  fixture 
in  the  body  shadow.  This  left  only  one  fixture  on  in  the  room,  which 
was  over  the  occupant's  head,  but  slightly  to  one  side.  The  single 


Figure  21.  Portable  HID  task-ambient 
fixture. 
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Figure  22.  Small  office  with  uniform 
lighting. 


Figure  23  Small  office  with  task- 
ambient  lighting. 


Figure  24  Small  office  with  relocated 
work  stations. 


fixture  could  not  provide  sufficient  task  or  ambient  lighting.  One 
solution  was  to  provide  supplemental  indirect  lighting  from  a  portable 
HID  fixture  located  next  to  the  desk.  This  increased  both  the  task  and 
ambient  illumination  to  the  proper  levels  (Figure  23). 

Rather  than  turning  off  the  fixtures  in  the  offending  zone, 
another  possible  solution  is  to  relocate  the  work  stations  away  from  the 
offending  zone.  This  is  shown  in  Figure  24. 

In  the  office  shown  in  Figures  22-24,  the  window  wall  had  been 
painted  a  different  color  for  aesthetics.  Unfortunately,  a  darker, 
rather  than  a  lighter,  color  was  chosen.  A  lighter  color  would  have 
reduced  the  sensation  of  glare  from  the  window,  allowing  occupants  to 
open  the  Venetian  blinds  more  frequently  and  let  in  more  daylight. 

Reception  Area 

Figure  25  shows  a  well-designed  reception  area.  In  the  back¬ 
ground  is  soft  indirect  ambient  lighting  for  individuals  waiting  in  the 
lobby.  Task  lighting  for  the  reception  desk  is  provided  by  a  4-  by 
4-toot  parabolic  louver  fixture.  The  parabolic  louver  is  used  to  shield 


Figure  25.  Reception  area  task-ambient  lighting. 


direct  glare  for  people  coming  up  to  the  reception  desk;  it  is  so  effec¬ 
tive,  one  can  only  tell  that  the  fixture  is  turned  on  by  the  pattern  of 
light  on  the  wall.  Work  areas  surround  the  receptionist  on  three  sides, 
so  the  fixture  was  located  over  her  head.  This  provides  light  over  her 
shoulders,  well  out  of  the  offending  zone,  regardless  of  the  work  area. 
Some  light  is  blocked  by  the  body  shadow,  but  this  is  minimized  by 
using  a  large  4-  by  4-foot  fixture. 


FINDINGS 

The  visual  properties  of  office  tasks  have  been  examined.  Light 
at  the  mirror  angle  produces  substantial  veiling  reflections  because  of 
specularities  in  the  task.  Light  sources  in  this  offending  zone  can  be 
identified  using  the  mirror  method.  The  mirror  method  also  identifies 
light  sources  obstructed  by  the  body  shadow.  Light  sources  in  the 
offending  zone  and  behind  the  body  shadow  reduce  visibility.  Visibility 
may  be  measured  in  terms  of  equivalent  sphere  illumination  (ESI).  A 
correlation  between  ESI  and  the  mirror  method  was  described. 


CONCLUSION 

The  quality  of  task  office  lighting  is  better  quantified  using  equiv¬ 
alent  sphere  illumination  (ESI)  than  using  illumination.  Since  most 
activities  do  not  have  a  readily  available  method  of  determining  ESI 
(computers  or  meters),  the  mirror  method  described  in  this  report  can 
be  used  as  a  practical  substitute.  The  only  equipment  required  is  an 
illumination  meter  and  a  mirror  approximately  one  foot  square. 


RECOMMENDATION 

Uniform  office  lighting  systems  should  be  converted  to  task- 
ambient  lighting  using  the  mirror  method.  Task-ambient  lighting  will 
save  electrical  energy,  and  the  mirror  method  will  insure  visually  effec¬ 
tive  lighting. 
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UNIVERSITY  OF  MASSACHUSETTS  (Heronemus),  Amherst  MA  CE  Dept 
UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln,  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Set  (Library).  Port  Arkansas  TX 
UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN,  TX  (THOMPSON; 

UNIVERSITY  OF  WASHINGTON  (FH-10.  D.  Carlson)  Seattle.  WA;  Dept  of  Civil  Engr  (Dr.  Mattock), 
Seattle  WA;  Seattle  WA  (E.  Linger);  Seattle,  WA  Transportation,  Construction  &  Geom.  Div 
UNIVERSITY  OF  WISCONSIN  Milwaukee  WI  (Cu  of  Great  Lakes  Studies) 

VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (Library) 

ARVID  GRANT  OLYMPIA,  WA 

ATLANTIC  RICHFIELD  CO.  DALLAS,  TX  (SMITH) 

BAGGS  ASSOC.  Beaufort,  SC 

BECHTEL  CORP.  SAN  FRANCISCO,  CA  (PHELPS) 

BRITISH  EMBASSY  Sci.  &  Tech.  Dept.  (J.  McAuley),  Washington  DC 
BROWN  &  CALDWELL  E  M  Saunders  Walnut  Creek.  CA 
BROWN  &  ROOT  Houston  TX  (D.  Ward) 

CANADA  Nova  Scotia  Rsch  Found,  Corp.  Dartmouth,  Nova  Scotia;  Surveyor,  Nenninger  &  Chenevert  Inc., 
Montreal;  Trans-Mnt  Oil  Pipe  Lone  Corp.  Vancouver,  BC  Canada 
CHEMED  CORP  Lake  Zurich  IL  (Dearborn  Chem.  Div.Lib.) 

COLUMBIA  GULF  TRANSMISSION  CO.  HOUSTON,  TX  (ENG.  LIB.) 

DESIGN  SERVICES  Beck.  Ventura.  CA 
DILLINGHAM  PRECAST  F.  McHale,  Honolulu  HI 
DIXIE  DIVING  CENTER  Decatur.  GA 
DURLACH,  O'NEAL,  JENKINS  &  ASSOC.  Columbia  SC 
FORD.  BACON  &  DAVIS.  INC.  New  York  (Library) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  NY  (Tech.  Info.  Ctr) 

HONEYWELL,  INC.  Minneapolis  MN  (Residential  Engr  Lib.) 

MATRECON  Oakland,  CA  (Haxo) 

MCDONNEL  AIRCRAFT  CO.  Dept  501  (R.H.  Fayman),  St  Louis  MO 
MEDEF.MOTT  &  CO.  Diving  Division,  Harvey,  LA 
MIDLAND-ROSS  CORP.  TOLEDO,  OH  (RINKER) 

NEWPORT  NEWS  SHIPBLDG  &  DRYDOCK  CO.  Newport  News  VA  (Tech.  Lib.) 

PACIFIC  MARINE  TECHNOLOGY  Duvall,  WA  (Wagner) 

PORTLAND  CEMENT  ASSOC.  SKOKIE,  IL  (CORLEY;  SKOKIE,  lu  (KLIEGER);  Skokie  IL  (Rsch  &  Dev 
Lab,  Lib.) 

RAYMOND  INTERNATIONAL  INC.  E  Colie  Soil  Tech  Dept,  Pennsauken,  NJ 
SANDIA  LABORATORIES  Albuquerque,  NM  (Vortman);  Library  Div.,  Livermore  CA 
SCHUPACK  ASSOC  SO.  NORWALK.  CT  (SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY,  NC  (LIBRARY) 

SEATECH  CORP.  MIAMI.  FL  (PERONl) 

SHELL  DEVELOPMENT  CO.  Houston  TX  (C.  Sellars  Jr.) 

SWEDEN  Cement  &  Concrete  Research  Inst  ,  Stockholm,  VBB  (Library),  Stockholm 
TEXTRON  INC  BUFFALO,  NY  (RESEARCH  CENTER  LIB.) 

TRW  SYSTEMS  REDONDO  BEACH,  CA  (DAI) 

UNITED  KINGDOM  Cement  &  Concrete  Assoc  We::ham  Springs,  Slough  Bucks;  Library,  Bristol;  R.  Browne, 
Southall,  Middlesex;  Taylor,  Woodrow  Constr  (014P),  Southall,  Middlesex;  Taylor,  Woodrow  Constr 
(Smith),  Southall,  Middlesex;  Umv  of  Bristol  (R.  Morgan),  Bristol 
UNITED  TECHNOLOGIES  Windsor  I.ocks  CT  (Hamilton  Std  Div.,  Library) 

WARD,  WOLSTENHOLD  ARCHITECTS  Sacramento,  CA 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD  (Oceanic  Div  Lib,  Bryan),  Library,  Pittsburgh  PA 
WM  CLAPP  LABS  •  BATTELLE  DUXBURY,  MA  (LIBRARY) 

BRAHTZ  La  Jolla,  CA 
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ERVIN,  DOUG  Belmont.  CA 
KETRON,  BOB  Ft  Worth.  TX 
KRUZIC,  T.P.  Silver  Spring,  MD 
CAPT  MURPHY  Sunnyvale.  CA 
T.W.  MERMEL  Washington  DC 
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